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from which a Java object can be produced. The Java application (15) receives a Java object produced from the data, and can then 
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ACCESSING AD HOC BLUETOOTH DEVICES FROM 
A JAVA APPLICATION 

FIELD OF THE INVENTION 
S The invention relates generally to communication between Java applications 

and portable communication devices and, more particularly, to accessing ad hoc 
Bluetooth devices from a Java application. 

BACKGROUND OF THE INVENTION 

1 0 Bluetooth technology is a specification for wireless communication of data and 

voice. It is based on a low-cost short-range radio link (nominal range is 10 centimeters 
to 10 meters, extendable with increased transmission power), built into a microchip, 
facilitating protected ad hoc connections for stationary and mobile communication 
environments (see Specification of the Bluetooth System. Version 1 .0 Draft, June 21 , 

15 1999, incoqjorated herein by reference), Bluetooth technology provides a universal 
short-range radio link that can be substituted for proprietary cables in connecting one 
device to another. For example, Bluetooth radio technology built into both a cellular 
telephone and a laptop computer replaces a cable as a connection between the laptop 
computer and the cellular telephone. Printers, PDA*s, desktop computers, facsimile 

20 machines, keyboards, joy sticks and virtually any other digital device can be part of a 
Bluetooth system. 

In addition to untethering devices by replacing the connecting cables, 
Bluetooth radio technology provides: a universal bridge to existing data networks; a 
. peripheral interface; and a mechanism to form small, private ad hoc ^oupings of 
25 connected devices apart from fixed network infirastractures. The Bluetooth radio link 
is designed to operate in a noisy radio frequency environment, and accordingly uses 
a fast acknowledgment and frequency hopping scheme to make the link robust. 

Bluetooth technology as described generally above is well known to workers 
in the art. This technology is rapidly developing, and the goal is to enable fast, 
30 efficient and seamless communication, mainly between portable communication 
devices such as mobile telephones, PDA2s, laptop computers and other similar 
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devices. Furthermore, the term portable communication device is intended herein to 
refer to virtually any apparatus that can be in any way relocated from one location to 
another and is equipped with a radio interface. As an example, although a washing 
machine is not conveniently carried by an individual from place to place, it is certainly 
5 relocatable, for example by a moving van, and can be equipped with a radio interface. 

Java is a well-known object oriented programming language, which has gained 
wide acceptance for its portability and cleanness, and its capability of good integration 
with the Intemet. Java is byte compiled, and is run on a Java virtual machine. 

The current state of the art does not provide for access of Bluetooth devices 

1 0 directly from Java. However, the present invention recognizes that such access would 
be desirable in view of the wide acceptance of both Bluetooth and Java. 

The present invention combines Bluetooth technology and Java technology to 
form a powerful programming environment that provides for writing portable code that 
is easy to deploy and use. This programming environment provides for easy creation 

15 of dynamic services which run on Java and can also access Bluetooth devices, and 
which dynamic services may also be leveraged with Intemet access. According to the 
invention, data that is transformable into a nmnable Java object is provided in a 
portable Bluetooth device. This data can be pushed over to an access point which then 
transforms the data into the desired runnable Java object for use by a Java application. 

20 Thus, the relatively large processing power of the access point can advantageously be 
utilized, while virtually no additional processing power is required in the portable 
Bluetooth device, thereby making the portable device more useful, without 
substantially increasing its cost, size, energy efficiency, etc. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 diagrammatically illustrates an exemplary communication system 
according to the present invention. 

FIGURE 2 diagrammatically illustrates pertinent portions of ftirther exemplary 
communication systems according to the invention. 
30 FIGURE 3 is a signaling diagram which illustrates, for each communication 

shown in FIGURE 1, the applications between which the communication occurs. 
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DETAILED DESCRIPTION 

FIGURE 1 diagrammatically illustrates an exemplary communication system 
according to the present invention. An access point (or service provider) 11, for 
example a desktop or laptop computer, is coupled for wireless communication with 
5 a portable communication device 1 3, for example a personal digital assistant, a laptop 
computer, a mobile telephone or any relocatable apparatus. In the example of 
FIGURE 1, the radio link 10 between the access point 1 1 and the portable device 13 
is a conventional Bluetooth link and the portable device 13 is a Bluetooth device. 

A Bluetooth Manager application 1 5 provided in the access point 1 1 cooperates 

1 0 with a given portable device 1 3, using conventional Bluetooth techniques, to discover 
when the portable device 13 has moved within Bluetooth communication range of 
access point 1 1 , as indicated generally at 27 in FIGURE 1 . Upon discovery of the in- 
range Bluetooth device 13, an application in the Bluetooth Manager 15 queries the 
Bluetooth device 13 as to whether the device 13 includes an interface for use with, for 

1 5 example, a Java application running on a Java virtual machine (JVM) provided in the 
access point 11. This query, designated at 12 in FIGURE 1, is performed using 
conventional Bluetooth Service Discovery Protocol (SDP), and the application that 
performs the query is correspondingly designated as SDP Client in FIGURE 1. The 
Bluetooth SDP is provided in the conventional Bluetooth stack, which Bluetooth stack 

20 is provided in both the access point 1 1 (not explicitly shown) and the portable device 
13. This Bluetooth stack includes the layers HCI, Link Manager, L2CAP, RFComm, 
TCP/IP, and SDP, as illustrated in the portable device 13 of FIGURE 1. 

The SDP Client of the access point 1 1 is coupled to a conventional Bluetooth 
driver/receiver apparatus at 17, which interfaces between the Bluetooth Manager 15 

25 " and the Bluetooth radio link 10. This apparatus 17 outputs the SDP Query 12 to the 
portable device 1 3 using well-known Bluetooth radio communication techniques. The 
SDP Query is received as an input at the portable device 13 by a conventional 
Bluetooth receiver apparatus included (but not explicitly shown) in the Bluetooth 
hardware at 24. The received SDP Query is forwarded to a conventional SDP server 

30 application 19 running on the portable device 13. The SDP server application 19 
maintains a registry of services available in the portable device 1 3, thereby permitting 
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another device (such as the access point 11) to search for a service via attributes 
provided in the SDP Query. 

In the FIGURE 1 example, the SDP Query includes the attribute, Javalnterface. 
From this attribute, the SDP server application identifies a corresponding application 
5 running on the portable device 13, and outputs a radio communication to the access 
point 1 1 via a Bluetooth driver apparatus included (but not explicitly shown) in the 
Bluetooth radio interface hardware at 24. This radio communication utilizes SDP, and 
includes an SDP Reply, designated at 14 in FIGURE 1. The SDP Reply includes 
information indicative of the communication protocol and port that should be used to 

1 0 access the desired application, i.e. the application corresponding to the SDP Query 1 2. 

In the example of FIGURE 1, the required communication protocol is the Object 
Exchange (OBEX) protocol of the Infrared Data Association (IrDA), as described in 
IrPA Object Exchange Protocol Version 1.2, March 18, 1999, which is incorporated 
herein by reference. The port is defined as channel 2 (designated as COM2 in 

15 FIGURE 1) in the RFComm layer of the Bluetooth stack, as illustrated at 14 in 
FIGURE 1. 

The SDP Reply 14 is received as an input at the access point 1 1 by a Bluetooth 
receiver apparatus at 17, and the protocol and port information is forwarded to the 
SDP cHent application in the Bluetooth Manager 15. In the example of FIGURE 1, 

20 the Bluetooth Manager 15 uses an OBEX loader application to access the desired 
application in the portable device 13. The OBEX loader connects to the desired 
application (or service) in the portable device 13, in this example a proxy pusher 
application 29. The connection between the OBEX loader and the proxy pusher 
application 29 is made using the OBEX protocol over the Bluetooth communication 

25 link, and using channel 2 of the RFComm layer of the Bluetooth stack. 

hi reply to a request at 1 6 fifom the OBEX loader, the proxy pusher application 
29 retrieves fi-om a data storage portion 28 Java proxy data associated with the 
portable device 1 3, and then dovraloads the Java proxy data to the OBEX loader at 1 8, 
again using channel 2 of the RFComm layer of the Bluetooth stack. In this example, 

30 a serial connection is used to download the Java proxy. However, a TCP/IP 
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connection could also be used in conjunction with the TCP/BP layer of the Bluetooth 
stack. 

The Java proxy data (also referred to herein as the Java proxy) can include, for 
example, binary data that is transformable using standard Java language features into 
S a runnable Java object which represents the portable device 13 and can be used by a 
Java application running on the Java virtual machine JVM of the access point 1 1 . This 
runnable Java object could be, for example, a conventional Enterprise JavaBean, or 
" another similar conventional Java technology. 

The OBEX loader receives the Java proxy data into memory, and then 
10 transfomis this data into a runnable Java object using standard conventional Java 
language features. The OBEX loader then uses conventionally known operations to 
initialize the Java object with information needed to communicate with the portable 
device 13, for example information identifying the portable device as a Bluetooth 
device that uses the RFComm layer for Bluetooth radio link communications. The 
15 thusly initialized Java object is then forwarded to the JVM via a conventional Java 

interface 20. The receiving Java application 23 is then free to use the Java object as 
desired. The above-described operations perfomied on the proxy data by the OBEX 
loader are indicated diagrammatically in FIGURE 1 by the broken line path 50. 

For example, the Java object could be an object that permits the Java 
20 application to print text on the portable device 13, so the Java application could use 
the Java object in combination with the Bluetooth conmiunication link to display 
textual information on the portable device 13. This type of operation is well known 
in the art. 

As specific examples, if the portable device 1 3 passes within Bluetooth range 
25 of an access point 1 1 located in a restaurant, then the access point 11 might use the 
Java object to display the restaurant's menu on the display 22 of the portable device 
(a graphical user interface GUI in the FIGURE 1 example), or if the portable device 
13 comes within Bluetooth range of an access point 1 1 located in a merchant's store, 
the Java application might use the Java object to display store prices on the display 22 
30 of the portable device 13. 
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It will be evident to workers in the art that the applications, services, Java 
virtual machine and Bluetooth stacks described above relative to the access point 1 1 
and the portable device 13 can be implemented by suitably programmed data 
processors provided at 25 in the portable device 13 and at 26 in the access point 1 1 . 

5 The services provided by the access point 1 1 may also be leveraged with Internet 
access as shown in HGURE 1. 

FIGURE 2 diagrammatically illustrates pertinent portions of further exemplary 
communication systems according to the invention, hi one exemplary embodiment 
illustrated in FIGURE 2, an access point 41 includes a conventional Jini Lookup 

1 0 Server 32, for example, a Java application running on a Java virtual machine of access 
point 41. The access point 41 of FIGURE 2 can communicate with a portable 
Bluetooth device in generally the same manner described above with respect to 
communication between the access point 1 1 and the portable Bluetooth device 13 of 
FIGURE 1 . Also provided in the access point 41 is a Jini Client 3 1 (a Java application 

1 5 running on the Java virtual machine) which has registered with the Jini Lookup Server 
32 to be notified when, for example, a Bluetooth mobile telephone is discovered. 
When such a mobile telephone is discovered, and the OBEX loader receives the Java 
proxy from the mobile telephone, the OBEX loader can transform the Java proxy into 
a runnable Java object, including, for example, adding information about the mobile 

20 telephone, for example its location, its owner, etc. The runnable Java object is then 
forwarded from the OBEX loader to the Jini Lookup Server. By virtue of having 
registered with the Jini Lookup Server, the Jini client receives the runnable Java object 
from the Jini Lookup Server, and can use the Java object as desired. 

In another embodiment, illustrated by broken line in FIGURE 2, the Jini 

25 Lookup Server communicates in a conventional manner with a remotely located 
(relative to both the access point 4 1 and the portable device) Jini community including 
one or more Jini Clients, to permit those clients to have remote access to the portable 
device via Jini. hi order to export the Java object representing the portable device to 
the Jini community, the Bluetooth Manager 15A can, for example, wrap the Java 

30 object representing the portable device in another object which supplies a means for 
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communicating remotely to the portable device. For example, the Bluetooth Manager 
could wrap the Java object in a Java RMI interface. 

The above-described applications and services of access point 41 can be 
implemented by a suitably programmed data processor 45. 

The signaling diagram of FIGURE 3 illustrates, for each of communications 
12, 14, 16 and 18 in FIGURE 1, the applications between which the particular 
communication occurs. Considering also FIGURE 1, it can be seen that the SDP 
Query 12 is made by the SDP Client of the access point 11 to the SDP server of the 
portable device 13. Similarly, the SDP Reply 14 is made from the SDP server of 
portable device 13 to the SDP Client of the access point 11. At 1 6, the OBEX loader 
ofthe access point 1 1 communicates to the proxy pusher ofthe portable device 13, and 
the proxy pusher communicates to the OBEX loader at 18. 

As described above, the present invention permits the use of a Java application 
to easily create dynamic services that utilize ad hoc mobile Bluetooth devices that 
come within range of an access point. The invention permits conrmfiunication ofthe 
expressional power of Java to virtually any portable Bluetooth device. Moreover, the 
invention liberates the portable Bluetooth device from the necessity of running a Java 
virtual machine itself, which might be too process heavy for the device. Rather, the 
computational power of the access point (service provider) can advantageously be 
utilized. It should also be clear that the proxy pusher application 29 provided in the 
portable Bluetooth device can be a rather small service which can be implemented 
very economically with respect to both the data storage, and data processing resources 
of the portable device. 

Although exemplary embodiments of the present invention have been 
described above in detail, this does not limit the scope of the invention, which can be 
practiced in a variety of embodiments. 
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WHAT IS CLAIMED IS: 

1. A method for permitting a Java application to access a portable 
conmiunication device, comprising: 

5 discovering that a portable communication device has come within range of a 

short-range radio link used by an access point associated with the Java application; 

via the radio link, communicating from the portable communication device to 
the access point data which is provided in the portable communication device and 
from which a Java object corresponding to the portable conmiunication device can be 
10 produced; and 

the Java application using a Java object produced from said data to perform a 
desired function. 

2. The method of Claim 1, wherein said using step includes the Java 
15 application using the Java object and the radio link to access the portable 

communication device. 

3. The method of Claim 1, wherein the portable communication device is a 
Bluetooth device and said communicating step includes using a Bluetooth radio link 

20 to send to the Bluetooth device a query to determine availability of the data. 

4. The method of Claim 3, wherein the query is a Bluetooth Service 
Discovery Protocol (SDP) Query, and wherein said communicating step includes, in 
response to the SDP Query, receiving from the Bluetooth device an SDP Reply 

25 including information indicative of a communication protocol and a commimication 
path to be used to access the data over the Bluetooth radio link. 

5. The method of Claim 3, wherein the query is a Bluetooth Service 
Discovery Protocol (SDP) Query, and wherein said communicating step includes, in 

30 response to the SDP Query, an SDP server in the Bluetooth device searching a registry 
maintained by the SDP server to locate the data and determine a conmiunication 
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protocol and a communication path to be used to access the data over the Bluetooth 
radio link. 

6. The method of Claim 5, wherein said communicating step includes the 
5 SDP server sending an SDP Reply including information indicative of the 
communication protocol and the communication path. 

7. . The method of Claim 4, wherein the communication protocol is Object 
Exchange Protocol. 

10 

8. The method of Claim 4, wherein the communication path includes 
therein an RFComm layer of a Bluetooth stack provided in the Bluetooth device. 

9. The method of Claim 4, wherein said communicating step includes 
15 using the communication protocol, the communication path and the Bluetooth radio 

link to retrieve the data and provide it to the access point. 

1 0. The method of Claim 1 . including forwarding the Java object to a Jini 
Lookup Server associated with the access point, and forwarding the Java object from 

20 the Jini Lookup Server to a Jini Client. 

11. The method of Claim 10, including providing the Jini Client at a 
location remote from the Jini Lookup Server. 

25 ■ 12. The method of Claim 1, wherein the portable communication device 

is a Bluetooth device and said communicating step includes using a service running 
on the Bluetooth device to retrieve the data and forward the data to the access point 
via the Bluetooth radio link. 
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13. The method of Claim 1, including wrapping aroimd the Java object 
another object that permits remote conmiunication from the Java application to the 
portable communication device. 

14. The method of Claim 13, wherein the another object is a Java RMI 
interface. 

15. The method of Claim 1, wherein the Java object is an Enterprise 
JavaBean. 

1 6. The method of Claim 1 , wherein said using step includes displaying a 
textual message on a display of the portable communication device. 

1 7. The method of Claim 1 , including receiving the data at the access point, 
1 5 transforming the received data into the Java object, and providing the J ava object to 

the Java application. 

18. A portable communication device, comprising: 

a storage portion for storing data from which a Java object corresponding to 
20 said portable communication device can be produced; 

an interface to a short-range radio link; and 

an apparatus coupled to said storage portion and said interface, and responsive 
to a communication received via said interface for retrieving the data from said storage 
portion and forwarding the data to said interface for transmission over the radio link 
25 to an access point associated with a Java application that is operable to perform a 
desired fimction using a Java object produced from said data. 

19. The device of Claim 18, wherein said desired function includes using 
the Java object and the radio link to access said portable communication device. 

30 
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20. The device of Claim 19, including a visual display apparatus coupled 
to said interface, said desired function including displaying a textual message on the 
visual display apparatus. 

5 21. The device of Claim 18, provided as a Bluetooth conmiunication 

device, and wherein the radio link is a Bluetooth radio link, further including a further 
apparatus coupled to said interface, said further apparatus for, responsive to a 
Bluetooth Service Discovery Protocol (SDP) Query that requests the data and is 
received via said interface, locating the data in the Bluetooth conmiunication device 
10 and determining a communication protocol and a communication path to be used to 
access the data. 

22. The device of Claim 2 1 , wherein said communication is effected using 
said communication path and pursuant to said conununication protocol. 

15 

23. The device of Claim 1 8, provided as one of a personal digital assistant, 
a laptop computer and a telephone. 



BNSDOCI0:<WO 014139aAt I > 



RN.Q nana 1 ^ 



wo 01/41398 PCT/SEOO/02266 




SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 0141398A1 I > 



BNS oaae 1 4 



wo 01/41398 



2/2 



PCT/SEOO/02266 



q: ,^ 



eo 







a. 


a> 




2: 


CO 


a> 




CO 



23 "S 

CD O 



CO 



CI- c 



O 
CO 
CO 
ljul 

o 



CM 



O 03 

— ' a> 

CO 



cz 

ID 



o. cr 
CO j3 



o 

E ^ 























p 


o 




tr 




o 







SUBSTTTUTE SHEET (RULE 26) 



BNS0OCI0:<WO 0141398A1 J > 



INTERNATIONAL SEARCH REPORT 



Inte. .«ional Application No 

PCT/SE 00/02266 



A. CLASSinCATION OF SUBJECT MATTER 

IPC 7 H04L29/06 



According to Intemationai Patent Classification (IPC) or to both national ciassification and IPC 



B. RELDS SEARCHED 



|y;ilnimum documentation searched (classificalion syslenn followed by classification symbols) 

IPC 7 HG4L H04Q G06F 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, PAJ, INSPEC. COMPENDEX, IBM-TDB 



C. DOCUMENTS CONSIPEBED TO BE RELEVANT 



Category' 



Cttation of documenl. with kidicalion, wliare appropriate, of the relevant passages 



WO 99 03286 A (NORTHERN TELECOM LTD 
;KAPOOR SANJAY (US); KUMAR PRAVEEN (US); 
KUAN) 21 January 1999 (1999-01-21) 
abstract 

page 1, line 3-11 
page 2, line 3 -page 3, line 10 
page 5, line 8-15 
page 8, line 26 -page 13, line 28 
figures 1,3,4 

-/-- 



Relevant to daim No. 



1,2, 

17-19,23 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



" Spectai categories of cited documents : 

•A' document defining the general state of the art which is not 

considered to be of particular relevance 
'E' eartier documenl but published on or after the intennattonal 

Tiling date 

•f document which may throw doubts on prioitty claim(s) or 
which Is cited to establish the pubHcation date of another 
cttation or other special reason (as specried) 

•C document referring to an oral disdosuiB, use, exhibnionor 
other means 

•p» document published prior to the international filing date but 
later than the priority date claimed 



later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

document of particular relevance; the datmed invention 
Ccmnot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
In the art 

document member of the same patent family 



Date of the actual completk>n of the iniemattonal search 

12 March 2001 


Date of mailing of the international search report 

21/03/2001 


Name and maiiing address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL ~ 2280 HV Rgswiik 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 


Authorized officer 

Llevens, K 



Foim PCT/ISA/210 (second sheet) (July 1992) 



page 1 of 2 



BNSDOCID: <WO 



BNS Daae 16 



INTERNATIONAL SEARCH REPORT 



Inte. ional Application No 

PCT/SE 00/02266 



C.(Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 



Citation of document, with indlcation.where appropriate, of the relevant passages 



SERBEDZIJA N B: "Web computing framework" 

JOURNAL OF SYSTEMS 

ARCHITECTURE, NL, ELSEVIER SCIENCE 

PUBLISHERS BV., AMSTERDAM, 

vol. 45, no. 15, September 1999 (1999-09), 

pages 1293-1306, XP004177724 

ISSN: 1383-7621 

page 1297, left-hand column, line 6^13 
page 1297, right-hand column, line 4 -page 
1298, left-hand column, line 7 
page 1303, right-hand column, line 16 
-page 1304, left-hand column, line 25 
page 1305, right-hand column, line 26-42 

ALBRECHT M, FRANK M, MARTINI P, SCHETELIG 
, VILAVAARA A, WENZEL A: "IP Services 
over Bluetooth: leading the way to a new 
mobility" 

PROCEEDINGS 24TH CONFERENCE ON LOCAL 
COMPUTER NETWORKS, 

October 1999 (1999-10), pages 2-11, 
XP002130784 
USA 

page 2, left-hand column, line 1 -page 3, 
left-hand column, line 27 



Relevant to claim No. 



1.2, 

17-19,23 



1-3,12, 

17-19, 

21,23 



Foim PCT/ISA/210 (ccniinuation ot saoond sheet) (July 1992) 



BNSOOCIO: <WO 0141398A1 I > 



page 2 Of ^ 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Intc .lonai Application No 

PCT/SE 00/02266 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



UO 9903286 



21-01-1999 



AU 

EP 



8398298 A 
0995325 A 



08-02-1999 
26-04-2000 



Fonri PCT/lSA/210 (patent family annex) (July 1992) 
BNSDOCI0:<WO 014139aA1 I > 



BNS oaoe 18 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
El FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER; 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS PAGE BLANK (usPTO) 



